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Attorney Docket No. : 12168 

TWO STAGE ISOLATION MOUNT ASSEMBLY 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 
[0001] The subject invention relates to a mount assembly for a vehicle having a frame and 
a vehicle body wherein movements of the frame relative to the vehicle body are isolated 
and/or translated by an insulator. 

2. Description of Related Art 
[0002] Mount assemblies for vehicles are well known in the art. Examples of such 
assemblies are shown in U.S. Patent Nos. 6,361,096 and 6,416,102. Each of these 
assemblies includes a support structure mounted to a frame and a carrier mounted to a 
vehicle body. The carrier is coupled to the support structure through one or more insulators. 
The insulators are typically formed of an elastomeric material such as rubber or 
microcellular polyurethane (MPU). 

[0003] Currently the insulators are characterized using a load verses deflection curve. An 
example of such a curve is shown in Fig 7. The prior art rubber R and prior art urethane C 
are illustrated along side the subject invention. The slope of the curve represents the 
effective spring rate. A lower slope represents a softer spring and a higher slope represents 
a stiffer or harder spring. Vibrational motion is generally associated with lower forces, 
amplitudes and higher frequencies and is isolated better with softer springs. Translational 
motion on other hand is associated with lower frequencies, and larger forces which create 
maximum displacements. When using linear springs this causes large relative displacement 
at maxiumum loads. It is desirable to have the insulators operate at lower or softer spring 
rates to allow for improved isolation of vibrations of the support structure relative to the 
carrier such that the vehicle body is cushioned on the frame. In order to achieve the desired 
performance, the insulators are formed of a low modulus material and have a relatively large 
height. The relatively tall insulators, however, require large clearances between the carrier 
and the support structure. This also creates an undesirable large displacement between the 
carrier and the support structure which equates to an undesirable large movement (maximum 
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displacement) between the frame and the vehicle body. Many conventional rubber 
insulators are a compromise between lower or softer spring rates and maxiumum 
displacement. In addition, many of the conventional insulators cannot be adequately 
customized or tuned because of the material and geometrical limitations. 
[0004] Cylinderical or annular insulators made of mircocellular material can provide the 
soft spring rate as well as some maximum displacement control. However the total 
maximum displacement is still too large and the nature and location of the transition from 
soft to hard spring rate cannot be controlled independent of the properties of polymer. And 
thus is not easily tunable. 

[0005] Accordingly, it would be desirable to develop an insulator that is of a reasonable 
height, takes advantage of a low or soft spring rate, and has low maximum displacement and 
is easily tunable or customizable. 

SUMMARY OF THE INVENTION AND ADVANTAGES 

[0006] A mount assembly for use with a vehicle having a frame and a vehicle body. The 
mount assembly comprises a support structure having an aperture and adapted to be mounted 
to the frame of the vehicle. A carrier is adapted to be mounted to the vehicle body and is at 
least partially disposed within the aperture with the support structure being displaceable 
relative to the carrier along a line of travel when the frame moves relative to the vehicle 
body. An insulator is disposed between the support structure and the carrier for coupling 
the carrier to the support structure. The insulator has a first portion defining a first resistance 
for isolating the vibrations of the support structure during an application of a first force 
along the line of travel in a first direction which at least partially compresses the first 
portion. The insulator also has a second portion defining a second resistance with the 
second resistance being greater than the first resistance for controlling the displacement of 
the support structure after the application of the first force and during an application of a 
second force along the line of travel in the first direction wherein the second force is greater 
than the first force such that both of the first and second portions are at least partially 
compressed. 
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[0007] Accordingly, the subject invention provides an insulator with a dual tunable 
resistance for both isolating small amplitude vibrations and controlling the displacements. 
In particular, the first resistance is calibrated to isolate the vibrations between the frame and 
vehicle body to provide a smooth ride to the vehicle. In addition, the second resistance is 
calibrated to smoothly translate the intermittent high amplitude movements of the frame and 
vehicle body and to effectively control maxiumum displacement to maintain the ride control 
of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Other advantages of the present invention will be readily appreciated as the same 
becomes better understood by reference to the following detailed description when 
considered in connection with the accompanying drawings wherein: 
[0009] Figure 1 is a cross-sectional side view of a mount assembly in accordance with the 
subject invention in a rest state; 

[0010] Figure 2 is a perspective view of the mount assembly; 

[0011] Figure 3 is a perspective view of an insulator; 

[0012] Figure 4 is a cross-sectional view of the insulator of Figure 3; 

[0013] Figure 5 is a cross-sectional side view of the mount assembly in a first state when 

a first force is applied; 

[0014] Figure 6 is a cross-sectional side view of the mount assembly in a second state when 
a second force is applied; and 

[0015] Figure 7 is a graph illustrating an amount of displacement for four different 
insulators based upon varying loads. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] Referring to the Figures, wherein like numerals indicate like or corresponding parts 

throughout the several views, a mount assembly 10 in accordance with the subject invention 

is generally shown at 10 in Figures 1 and 2. The mount assembly 10 is shown in a rest state 

in Figure 1 . In the preferred embodiment, the mount assembly 10 is for use with a vehicle 
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having a frame 12 and a vehicle body 14. For illustrative purposes, only a small fragment 
of the frame 12 and vehicle body 14 are shown in the Figures. The frame 12 and vehicle 
body 14 can be of any suitable design or configuration without deviating from the scope of 
the subject invention. In addition, it should be appreciated by those skilled in the art that the 
subject invention may be incorporated into different apparatuses and the subsequent 
discussion relating to a vehicle is but one contemplated environment for the invention. 
[0017] The mount assembly 10 includes a support structure 16 having an aperture 18. The 
support structure 16 is preferably a piece of metal having pair of appendages 22. Of course 
the support structure 16 could be of any suitable design or configuration. The appendages 
22 provide a mounting point such that the support structure 16 can be mounted to the frame 
12 of the vehicle utilizing any suitable attachment device (not shown). The support structure 
16 and frame 12 therefore move as a single unit. The purpose of the aperture 18 will be 
discussed in greater detail below. 

[0018] A carrier 24 is at least partially disposed within the aperture 18 with the support 
structure 16 being displaceable relative to the carrier 24 along a line of travel L when the 
frame 12 moves relative to the vehicle body 14. The support structure 16 is displaceable 
relative to the carrier 24 in either a first D, or second D 2 direction. The first Dj and second 
D 2 directions, as indicated by the arrows, are opposing directions along the line of travel L. 
It should be appreciated that the support structure 16 may be displaced angularly or 
perpendicularly relative to the line of travel L. It should also be appreciated that the 
nomenclature of the support structure 16 being displaced relative to carrier 24 is purely for 
descriptive purposes and, depending upon the point of reference, the carrier 24 could be 
displaced relative to the support structure 16. 

[0019] The carrier 24 defines a cup 26 having a flange 28 extending outwardly therefrom 
and an inner wall 30 extending through the aperture 18 to a distal end. The inner wall 30 
at least partially extends through the aperture 18. A plate 32 is mounted to the distal end of 
the inner wall 30. Specifically, a fastener 34 interconnects the plate 32 to the inner wall 30 
such that the plate 32 and the carrier 24 move as a single unit. The fastener 34 is preferably 
a bolt with a nut wherein the nut is threaded onto the bolt on an opposing side of the vehicle 
body 14 such that the carrier 24 is mounted to the vehicle body 14. Accordingly, the carrier 
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24, plate 32, and fastener 34 move in unison with the movement of the vehicle body 14 
relative to the frame 12 and support structure 16. 

[0020] The carrier 24 is coupled to the support structure 16 to provide the necessary 
isolation and translation for the mount assembly 10. The coupling of the carrier 24 to the 
support structure 16 is provided through at least one and preferably a number of absorption 
elements 36, 38 which isolate small amplitude vibrations or displacements as well as 
translate intermittent high amplitude movements between the frame 12 and vehicle body 14 
during and operation of the vehicle. The preferred absorption elements 36, 38 include first 
36 and second 38 insulators. 

[0021] In the preferred embodiment, the first insulator 36 is disposed between the support 
structure 16 and the carrier 24 for coupling the carrier 24 to the support structure 16. Hence, 
the first insulator 36 isolates and translates movements between the frame 12 and the vehicle 
body 14. Preferably, the first insulator 36 is mounted within the cup 26 of the carrier 24. 
The first insulator 36 is formed of an elastomeric material such as rubber or micro-cellular 
polyurethane. The micro-cellular polyurethane material is preferred but not required for the 
subject invention. The specific configuration and operation of the first insulator 36 will be 
discussed in greater detail below. 

[0022] Also in the preferred embodiment, the second insulator 38 is mounted to the support 
structure 16 for further coupling the carrier 24 to the support structure 16 and for further 
isolating the displacement of the support structure 16 relative to the carrier 24 when a force 
is applied along the line of travel L. Hence, the second insulator 38 also isolates movements 
between the frame 12 and the vehicle body 14. Preferably, the second insulator 38 is 
disposed between the support structure 16 and the plate 32 below the first insulator 36. In 
other words, the second insulator 38 is positioned on an opposite side of the aperture 18 
from the first insulator 36. The second insulator 38 is likewise formed of an elastomeric 
material such as rubber or micro-cellular polyurethane. The second insulator 38 has a 
substantially cylindrical configuration with an opening disposed therein for allowing the 
inner wall 30 of the carrier 24 to pass through the second insulator 38. The second insulator 
38 and plate 32 have a complementary configuration and the second insulator 38 is wedged 
between the plate 32 and the support structure 16. 
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[0023] Referring also to Figures 3 and 4, the first insulator 36 is discussed in greater detail. 
The first insulator 36 has a first portion 40 and a second portion 42. Preferably, the first 40 
and second 42 portions of the first insulator 36 are formed of the same material. More 
preferably, the first 40 and second 42 portions of the first insulator 36 are formed of a 
common homogeneous material. Most preferably, the common homogeneous material is 
further defined as a micro-cellular polyurethane. Both the first 40 and second 42 portions 
have a common opening 44. A plurality of abutments 46 project inwardly from the opening 
44 and are configured to provide a press fit arrangement about the inner wall 30. 
[0024] As best shown in Figure 4, the first portion 40 of the first insulator 36 has a first 
maximum width W\ and the second portion 42 of the first insulator 36 has a second 
maximum width W 2 which is larger than the first maximum width W,. The support structure 
16 has a width at least equal to the second maximum width W 2 to properly support the first 
insulator 36. The larger second maximum width W 2 of the second portion 42 defines a ledge 
48 on the second portion 42 extending outwardly beyond the width W x of the first portion 
40. As best shown in Figure 3, the first portion 40 has an annular configuration defining a 
first circumference and the second portion 42 has an annular configuration defining a second 
circumference. The second circumference is larger than the first circumference to define an 
annular ledge 48 on the second portion 42 extending outwardly beyond the circumference 
of the first portion 40. The annular configuration of the first portion 40 allows for proper 
insertion into the first cup 26 of the carrier 24. It is also preferred that the first portion 40 
and the second portion 42 having the annular ledge 48 are formed of a common 
homogeneous material, such as micro-cellular polyurethane. 

[0025] In addition, as shown in Figure 4, the first portion 40 has a first height and the 
second portion 42 has a second height H 2 smaller than the first height Hp Preferably, the 
first height Hj is 3 to 5 times larger than the second height H 2 . The first height F^ can range 
from 10-50 mm and the second height H 2 can range from 2-10 mm. Of course, any suitable 
height of the first 40 and second 42 portions can be utilized depending upon the desired 
application. 

[0026] Turning to Figures 5 and 6, the mount assembly 10 is shown in different operational 
positions. In particular, Figure 5 illustrates the mount assembly 10 in a first state when a 
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first force is applied. The assembly isolates vibrations of the support structure 16 relative 
to the carrier 24, e.g. movement of the frame 12 relative to the vehicle body 14. Figure 6 
illustrates the mount assembly 10 in a second state when a second force is applied. Here the 
assembly provides to control high amplitude of movements of the support structure 16 
relative to the carrier 24, e.g. further movement of the frame 12 relative to the vehicle body 
14. The details of how the isolation and translation occurs are discussed in greater detail 
below. 

[0027] The first portion 40 of the first insulator 36 defines a first resistance for isolating the 
displacement of the support structure 16 relative to the carrier 24 during an application of 
the first force along the line of travel L in the first direction D! which at least partially 
compresses the first portion 40. The first force is also defined as a particular load which 
creates small amplitude vibrations or displacements of the support structure 16 relative to 
the carrier 24. Typical loads of the first force are less than 3KN. The first portion 40 of the 
first insulator 36 is therefore designed to isolate these vibrational loads from the frame 12 
and not translate these loads to the vehicle body 14. In the preferred embodiment, the cup 
26 at least partially surrounds the first portion 40 and compresses the first portion 40 without 
compressing the ledge 48 and the second portion 42 when the first force is applied. 
[0028] The second insulator 38 also isolates the vibration of the support structure 16 relative 
to the carrier 24 when the first force is applied along the line of travel L in the first direction 
D,. The second insulator 38, however, expands as opposed to being compressed during an 
application of a force in the first direction D,. The partial compression of the first portion 
40 of the first insulator 36 and the expansion of the second insulator 38 are shown in Figure 
5. Although not illustrated, it is appreciated that the first portion 40 of the first insulator 36 
will expand and the second insulator 38 will at least partially compress during an application 
of a force along the line of travel L in the second D 2 direction. Further, the first portion 40 
of the first insulator 36 and the second insulator 38 may both partially expand and/or 
compress during an application of a force that is angularly or perpendicularly applied along 
the line of travel L. 

[0029] The second portion 42 of the first insulator 36 defines a second resistance with the 
second resistance being greater than the first resistance for isolating and translating the 

7 

H&H 65,205-162 



Attorney Docket No. : 12168 



displacement of the support structure 16 relative to the carrier 24 after the application of the 
first force and during an application of the second force along the line of travel L in the first 
direction D,. The second force, which is also defined as a particular load, creates 
intermittent high amplitude movements of the support structure 16 relative to the carrier 24 
and is greater than the first force such that both of the first 40 and second 42 portions are at 
least partially compressed. Typical loads of the second force range from 2-20 KN. The 
second portion 42 of the first insulator 36 is therefore designed to not only isolate but to also 
translate loads from the frame 12 to the vehicle body 14. This creates optimum vehicle 
control by translating the low frequency and large displacement loads. In the preferred 
embodiment, the flange 28, extending outwardly from the cup 26, engages and compresses 
against the ledge 48 of the second portion 42 during the application of the second force. In 
other words, the first 40 and second 42 portions of the first insulator 36 are significantly 
compressed which wedges the ledge 48 in-between the flange 28 of the carrier 24 and the 
support structure 16. 

[0030] The second insulator 38 also isolates the displacement of the carrier 24 relative to 
the support structure 16 when the second force is applied along the line of travel L in the 
first direction D,. As stated above, the second insulator 38 expands as opposed to being 
compressed during the application of a force in the first direction D,. The compression of 
both the first 40 and second 42 portions of the first insulator 36 and expansion of the second 
insulator 38 is shown in Figure 6. Due to the preferred configuration of the mount assembly 
10, the first portion 40 at least partially compresses before the second portion 42 is at least 
partially compresses. 

[0031] The first insulator 36 therefore provides a resistance for isolating small amplitude 
vibrations or movements of the frame 12 relative to the vehicle body 14. Turning to Figure 
7, the amount of maximum displacement of the support structure 16 relative to the carrier 
24, or the frame 12 relative to the vehicle body 14, for a variety of loads is illustrated. 
Rubber R has a relatively uniform displacement for the increased loads. It is advantageous, 
however, to vary the spring rate such that during the small amplitude vibrations or 
displacements of the support structure 16 relative to the carrier 24, the insulators isolate the 
movement of the frame 12 relative to the vehicle body 14. The first resistance associated 
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with the first portion 40 of the first insulator 36 and the second insulator 38 of the subject 
assembly preferably provide full isolation of the support structure 16 relative to the carrier 
24 up to a 3,000 N load. After the 3,000 N load, the flange 28 of the carrier 24 engages the 
ledge 48 of the second portion 42. There is a smooth transition into the second resistance 
of the second portion 42. From the 3,000 N load to the 10,000 N load, the first 40 and 
second 42 portions of the first insulator 36 and the second insulator 38 effectively control 
the displacement of the support structure 16 (frame 12) relative to the carrier 24 (vehicle 
body 14). As illustrated, the displacement is reduced when the height H 2 of the ledge 48 is 
increased. In the example shown, there is approximately 1 1 mm of displacement when the 
height H 2 of the ledge 48 is 3 mm. Alternatively, there is approximately 9 mm of 
displacement when the height H 2 of the ledge 48 is increased to 6 mm. 
[0032] The ability to change the heights of the first 40 and second 42 portions of the first 
insulator 36, as well as the cup depth, the first insulator 36 can be easily customized to a 
desired performance for any type of vehicle. In other words, the subject invention provides 
for improved flexibility and the ability to "tune" the assembly. In particular, the widths and 
heights of the first 40 and second 42 portions can be "tuned" to any desired combination of 
isolation and displacement control characteristics. The prior art urethane insulator cannot 
be "tuned" because this insulator does not include first and second portions as defined by 
the subject invention. The first insulator 36 also provides for a continuous isolation of 
vibration between the frame 12 and the vehicle body 14 and a smooth transition from the 
first resistance to the second resistance. 

[0033] The invention has been described in an illustrative manner, and it is to be understood 
that the terminology which has been used is intended to be in the nature of words of 
description rather than of limitation. As is now apparent to those skilled in the art, many 
modifications and variations of the present invention are possible in light of the above 
teachings. It is, therefore, to be understood that within the scope of the appended claims the 
invention may be practiced otherwise than as specifically described. 



H&H 65,205-162 



9 



